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Abstract: In this paper we define a new approach to solve the location routing problem (LRP). LRP is 
a relatively new research direction within location analysis that takes into account vehicle routing 
aspects. In this study it is proposed an iterative two phase search based heuristic method to solve a 
capacitated location routing problem. At first an initial solution is produced by a greedy approach and 
then encoding this initial solution to use in optimization language and then in phase 1, a solution 
population is generated based on this solution. Among this population, multiple base solutions have 
been selected and they are improved by various neighborhood search. Solution which has the lowest 
cost is selected. In phase 2 by using of several algorithms is improved. Finally this solution is 
compared with the best solution obtained. which has minimum cost is selected as new best solution. 
New solution population is generated based on this new best solution and the previous steps are 
repeated for L times. Finally, to verify the quality of our new approach in term of solution quality, two 
well-known data problem sets is selected. The numerical examples show the efficiency of our approach 
and provide high quality solutions with the cost no more than 3% (in average).  
 
Key words: Location-routing problem, Heuristic method, Neighborhood search method, Greedy search  
                     method. 

 
INTRODUCTION 

 
 Many factors in today’s competitive global market have forced companies to gain a competitive advantage 
by focusing attention to their entire supply chain. In generally, each supply chain consists of five components 
(suppliers, retailers, customers, warehouses and transportation system) which each one has its effect on supply 
chain efficiency and on the other. Considering the relationship between these components, to obtain a 
competitive advantage can be effective. 
 Location-routing problem (LRP) is a relatively new class of NP-hard combinatorial optimization problems 
at the intersection of location and transportation analysis. Generally the LRP consists of determining locations 
for facilities from which customers are served on routes with the objective of minimizing the overall cost. More 
precisely the LRP involves three types of decisions related to: i) facility location; ii) customer allocation to 
facilities; iii) vehicle routing. The overall cost includes the costs for using and operating the facilities and the 
transportation costs. Many variants of the LRP are addressed in the literature. They mainly differ by the side 
constraints imposed and by the number of intermediate facilities considered. In this paper, we consider the 
capacitated location-routing (CLRP) problem in which capacity restrictions are imposed on the depots and on 
the vehicles. 
 During the past four decades, many paper have been written in field of LRP and have been introduced 
various LRP models that we refer the readers to more study to (Nagy and Salhi, 2007). Several of LRP 
applications in variety sections like distribution of consumer goods or parcels, in health, military, 
communication and etc show that LRP is really applicable in practice and is not just a purely academic research. 
Various methods have been produced to solve LRP models which in general, classified to two categories exact 
method and heuristic method. (Nagy and Salhi, 2007) conducted a comprehensive survey of solution methods of 
location-routing problems and proposed a classification scheme. Both exact and heuristic algorithms were 
investigated in their work. 
 Exact methods for more general LRPs are usually based on a mathematical programming formulation. They 
often involve the relaxation and reintroduction of constraints such as: (a) sub tour elimination (all vehicle tours 
must contain a depot), (b) chain barring (routes are not allowed to connect one depot to another) and (c) 
integrality (certain variables must be integer, usually binary integer). (Laporte and Nobert, 1981) proposed an 
exact algorithm for the single facility fixed fleet size LRP without tour length restrictions. They formulated the 
problem as an integer linear program and solved it by first relaxing integrality constraints, and then using a 
branch and bound technique to achieve integrality. (Laporte, et al., 1986) solve a multi-depot capacitated LRP 
using a constraint relaxation method. In their work, the largest problem solved to optimality has eight candidate 
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facilities and 20 customers. (Laporte, et al., 1988) use a branch and bound procedure to solve asymmetric LRPs 
that include as many as three candidate facilities and 80 customers. 
 Due to the exponential growth in the problem size, exact approaches for the LRP have been limited to small 
and medium size instances with 20–50 customers. For this reason, heuristics and meta-heuristics are often used 
to solve realistic sized LRP instances in more recent studies. (Tuzun and Burke, 1999) developed a two-phase 
tabu search (TS), but for the LRP with capacitated routes and uncapacitated depots so a depot may have as many 
routes as desired. (Su, 1999) applied a genetic algorithm to the design of a physical distribution system where 
both the location of facilities and the routing of vehicles were considered.  
 Numerous heuristic approaches for capacitated depots or for capacitated vehicles (but not both) were 
proposed. More recently, some authors published on the LRP with capacities on both depots and routes. (Wu, et 
al., 2002) studied the CLRP with homogeneous or with limited heterogeneous fleets. The problem is solved in a 
sequential and iterative manner by a simulated annealing algorithm with a tabu list to avoid cycling. (Prins, et 
al., 2006) solved the LRP with capacitated depots and routes by combining greedy randomized adaptive search 
procedure (GRASP) with a learning process and a path relinking mechanism. (Bouhafs, et al., 2006) combined 
simulated annealing and ant colony system to solve the capacitated LRP. (Yu, et al., 2010) proposed an efficient 
simulated annealing (SA) based heuristic to solve the LRP. They tested their SA heuristic on three sets of well-
known benchmark instances and compared the results with other heuristics in the literature. Their proposed 
solution algorithm provides best known solutions for most of the benchmark instances in the three above 
mentioned problem sets but the time required to reach such solutions is significantly larger than that of the 
similar solution algorithms. (Duhamel, et al., 2010) considered the capacitated location-routing problem and 
proposed solution method based on greedy randomized adaptive search procedure (GRASP), hybridized with an 
evolutionary local search (ELS).  
 In this paper we try to propose a new heuristic method base on improvement of multiple base solutions. In 
the proposed algorithm, first, a good initial solution is created, and then in phase 1, a solution population is 
generated based on this solution. Among this population, multiple base solutions have been selected and they 
are improved by various neighborhood search. Solution which has the lowest cost is selected. In phase 2 by 
using of several algorithms is improved. Finally this solution is compared with the best solution obtained (up to 
this step); option that has minimum cost is selected as new best solution. New solution population is generated 
based on this new best solution and the previous steps are repeated for L times.  
 
Mathematical Model: 
 In this paper, we focus on solving the LRP with capacitated depots and routes. (Prins, et al., 2007) gives the 
following formal mathematical model for the problem. 
 Let G = (V, E) be an undirected network where V is a set of nodes comprised of a subset I of m potential 
depot sites and a subset J = V/I of n customers. E is a set of edges connecting each pair of nodes in V. 
Associated with each edge (i, j)  E is a traveling cost cij. Each depot site i  I has a capacity Wi and an opening 
cost Oi. Each customer j � J has a demand dj which must be fulfilled by a single vehicle. A set K of identical 
vehicles with capacity Q is available. Each vehicle, when used by a depot i, incurs a depot dependent fixed cost 
Fi and performs a single route. Each route must start and terminate at the same depot, and its total load must not 
exceed vehicle capacity. The total load of the routes assigned to a depot must fit the capacity of the depot. The 
objective is to determine which depots should be opened and which routes should be constructed to minimize 
the total cost. 
 Define binary variables yi = 1 iff depot i is opened, fij = 1 iff customer j is assigned to depot i, and xjlk = 1 iff 
edge (j, l) is traversed from j to l in the route performed by vehicle k � K. Then the problem can be formulated 
as the following binary integer program. 
  The objective function (1) is the sum of depot opening costs and the routing costs, including the travel 
costs and the fixed costs associated with vehicle uses. Constraints (2) ensure that each customer belongs to 
exactly one route, and that each customer has only one predecessor in the route. Constraints (3) and (4) are 
capacity constraints associated with routes and depots, respectively. Constraints (5) and (6) guarantee the 
continuity of each route, and that each route terminates at the depot where the route starts. Constraints (7) are 
sub-tour elimination constraints. Constraints (8) ensure that a customer must be assigned to a depot if there is a 
route connecting them. Finally, constraints (9), (10), and (11) specify the binary variables used in the 
formulation. 
 
An iterative three phase heuristic method for capacitated LRP: 
 In the following subsections, we discuss three phase of the proposed heuristic method in detail, phase 1: 
generation of the initial solution, phase 2: exploring problem space to find a good solution and phase 3: 
improving this good solution. Figure 1, illustrates schematically the three phases. 
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Coding solution: 
 There are several methods for converting solution, of LRP problem, for use in program optimization such as 
MATLAB, GAMZ and etc. in this paper through new solution representation, which was introduced by (yu, et 
al., 2010), apply coding solution to problem. 
 A solution is represented by a string of numbers consisting of a permutation of n customers denoted by the 
set {1, 2, …, n}, m potential depots denoted by the set {n + 1, n + 2, . . ., n + m}, and Ndummy zeros which are 
used to separate routes, in addition to the vehicle capacity constraints. The ith number in {1, 2, …, n} denotes 
the ith customer to be serviced. The first number in a solution is always in {n + 1, n + 2, ..., n + m} indicating 
the first depot under consideration. The coding solution is further explained as following. Each depot services 
customers between the depot and the next depot in the solution representation. The first route of this depot starts 
by servicing the first customer after the depot. Other customers for this depot are added to the current route one 
at a time. If adding a customer will exceed the vehicle’s capacity, the current route is terminated. If the next 
number in the coding solution is a dummy zero, the current route will also be terminated. A new route will be 
started to service remaining customers assigned to this depot. 
 Tables 1 and 2 together give a small LRP instance with 11 customers and 4 potential depots. The location 
(X, Y) and demand (W) of customers are listed in Table 1. The location (X, Y) and capacity depot are given in 
Table 2. A randomly generated sample solution for this instance is shown in Figure 2, 3 dummy zeros are 
present in the solution. Figure 3, gives a visual illustration of the sample solution. In this example, the first 
number is depot 12, Customers (10, 9, 4, and 3) between depot 12 and depot 15 are real customers and thus 
depot 12 is opened to service these customers. The first route of depot 25 services customers 10, 9, 17 and 2. 
Customer 2 is followed by depot 15, thus the first route of depot 12 is terminated. No other routes are needed for 
depot 12. The first route of depot 15 services customers 1, 2, 5. Customer 5 is followed by a zero, so the first 
route is terminated. The second route of depot 15 then starts to service customers 11, 6, 7 and 8. Customer 8 is 
followed by depots 13 and 14 so the second route is terminated. At this point, all customers are serviced so no 
other depots need to be opened and the decoding process can be terminated.  
 
Initial solution: 
 The initial solution is constructed by the following greedy method with the hope that a good initial solution 
can be found within a reasonable time. 
Step 1: Let U be the set of unused depots. For each depot i in U, let cc (i) be the number of unassigned 
customers whose closest depot in U is depot i. choose the depot in U with the highest cc value. If there is a tie, 
select the depot with the highest capacity. 
Step 2: For all unassigned customers, chose a customer that has closest distance to selected depot and start new 
tour. 
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 Table 1: Customer location and demand.      

  
Table 2: Depot location and capacity. 

 

 
 
Fig. 2: An a example of coding solution. 
 

 
Fig. 3: visual illustration of the solution given in fig. 2. 
 
Step 3: Among remain customer select that has minimum distance with the last assignment customer. If by 
adding new client the capacity of tour was exceed, Go step 4 else add customer to tour and continue this step. 
Step 4:Set Re= vehicle capacity – tour capacity. Customers that have demand Less than or equal (Re) put in list 
C. if C not empty, the member that has minimum distance add to tour and continue this step., else go step 4. 
Step 5: If sum demand of all assignment costumers was Less than or equal the capacity of selected depot, go to 
step 2 else go to step 6. 
Step 6: Eliminate this depot from U. Encode the current solution for this depot, then for 2000 L times (L 
represents the length of solution encoding) through neighborhood searching are looking to find a better answer. 
Step 7: If there are still unassigned customers, go to Step 1; otherwise, terminate the procedure and encode the 
current solution using the coding solution described in Sections 3.1. X= current solution. Go to phase 1. 
 
Phase 1: exploring problem space to find a good solution: 
Step 1: Generate a population of solution through X. The population size (S) depends on the nature of the 
problem, but typically contains several hundreds or thousands of possible solutions. 
Step 2: Choosing the N candidate solution from population, (Y1, Y2… YN). 
Step 3 Neighborhood search 
 Explore the solution space is done through various algorithms. Selecting proper method has a great affect 
on obtain better solution. So that we use 3 methods to get neighborhood solution from exiting solution(X). 2-

W Y X customer no. 

23671
25882
10653
30144
26675
149116
145127
314108
22429
137110
15 6 9 11 

capacity Y X   depot no.  

150 3 11 12 
150 2 12 13 
150 13 8 14 
150 2 8 15 
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OPT, 3-OPT and inverse 2-OPT are 3 way that use in seeking neighborhood solution. For each Yi, the 
neighborhood search runs R times. The best value obtained in each time, put in Y'i.  
 
2-OPT 
 Selecting the ith and the jth numbers of Yi, and then exchanging the positions of these two numbers. (Fig. 4) 
 

 
 
Fig. 4: 2-OPT. 
 
3-OPT 
 Selecting the ith and the jth and kth numbers of Yi, and then replace kth number in ith position and ith number 
in jth position and jth number in kth position. (Fig. 5). 
 

 
 
Fig. 5: 3-OPT. 
 
Inverse 2-OPT 
 Selecting the ith and the jth numbers of Yi, and then reverse the number in the solution encoding between 
them. (Fig. 6). 
 

 
 
Fig. 6: Inverse 2-opt. 
 
Step 4: Set Z = the best of (Y'1, Y'2 … Y'N). 
 

 
 

Fig. 1: schematic illustration of 3 phase heuristic method. 
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Phase 2: improving this good solution: 
 In this phase, Z (solution of previous phase) will be improved. 
Step 1: Coding solution of Z be split and each route in Z, will be improved separately.  
Step 2: First, two routes of Z selected randomly then go next step. 
Step 3:Randomly, select one of the 6 methods to improve the two routes that were selected in previous step. 2-
OPT, 3-OPT, depot relocation, node relocation, add-delete node and route split are the six methods that are 
applied to improve the routes. In 2-OPT and 3-OPT, each route be improved separately. 
 
2-OPT: 
 The 2-opt method is a combinatorial optimization method originating in the late 1950’s in conjunction with 
the traveling salesman problem. 2-opt starts with an initial tour and incrementally improve this tour by making 
successive improvements that exchange two of the edges in the tour with two other edges. (Fig. 7) 
 
 
 
 
 
 
 

 
 

Fig. 7. 2-OPT: 
 
3-OPT: 
  3-opt is a simple local search algorithm for solving the traveling salesman problem and related network 
optimization problems. 3-opt involves deleting 3 connections (or edges) in a tour), reconnecting the network in 
all other possible ways, and then evaluating each reconnection method to find the optimum one. This process is 
then repeated for a different set of 3 connections. (Fig. 8) 
 

 
 
Fig. 8: 3-OPT. 
 
Depot relocation: 
 In this case, depot location of two selected routes, are replaced with together. If two routes belong to a same 
depot, no improvement does happen. (Fig. 9) 
 

 
Fig. 9: Depot relocation. 
 
Node relocation: 
 In this way, from each two routes, one node is selected and then locations of these nodes are replaced with 
together. (Fig. 10)  
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Fig. 10: Node relocation. 
 
Add-delete node: 
 In this way, of a route, one node is selected and is added to another route. (Fig. 11) 
 

 
Fig. 11: Add- delete node 
. 
Route split: 
 In this way, one arc from two routes is selected. In this case, each route is divided into two parts then each 
part be merged with one of two parts in second route. With this method, two modes can be raised. (Fig. 12) 
 

 
 
Fig. 12: Route split. 
 
Step 4: After running phase 3, D times, go to step 5. 
Step 5: If solution of Z is better than solution of X; X=Z, else X does not change. Go to step 6. 
Step 6:  l=l+1; if (l<=L) go to phase 1. Else stop the algorithm. 
 
Experimental examples and Analysis: 
 In this section, we are going to analyze the solution quality of the new method to solve CLRP. In order to 
ascertain the qualification of the presented heuristic method, two well-known data problem sets were selected 
and compare obtained solution with the best know solutions that available in literature review. The proposed 
solution algorithm is coded in MATLAB R2009b and it was run on a PC with an Intel Core i5 CPU (2.0 GHz) 
and 2 GB memory. 
 The two sets of benchmark instances used were designed by (Prodhon, et al., 2006; Barreto, 2004). 
Prodhon, The first data set contains 30 CLRP instances with capacitated routes and depots. Distance among 
customers, between customers and depots are Euclidean and travelling cost are rounded. The last data set, set of 
13 instances was gathered by Barreto. All depots and routes are also capacitated.  
 In summary, we solved 43 CLRP instances taken from two well-known LRP benchmark problem sets 
existing in the literature to test the performance of the proposed heuristic. The proposed heuristic is compared 
with three published methods: granular randomized adaptive search procedure (GRASP) of (Prins, et al., 2006) 
A Memetic Algorithm with Population Management (MA|PM) for the Capacitated Location-Routing Problem 
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of (Prins, et al., 2006) and the cooperative Lagrangean relaxation/granular tabu search (LRGTS) of (Prins, et al., 
2007). Computational results are summarized in table 3 and 4. 
In table 3, parameter values used in algorithm are shown. 
 
Table 3: Parameters setting. 

Parameters 
setting 

Definition 0<customer<50 51<customer<100 101<customer<200 201<customer 

S Size of population 500 1000 

N 
Number of selected 

solution from 
population 

30 50 70 90 

R 
Number of running 

phase 1 
1000 1500 

D 
Number of running 

phase 2 
400 500 600 700 

L 
Number of iterations 

the algorithm 
40 80 

 
 In table 4 and 5, column 1 shows the instances name. Column 2 depicts the obtained cost of proposal 
algorithm. Columns 3, 4 represent the cost provided by LRGST algorithm and the relative gap (in percentage) 
between the cost of the LRGST heuristic and those of proposal heuristic, respectively. Columns 5, 6 include the 
cost and the relative gap for the MA|MP heuristic. The same comparative results for the GRASP heuristic are 
reported in columns 7 and 8. 
 According to obtained results by proposal heuristic method which reported in table 4 and 5, our proposed 
algorithm provides high quality solutions with the cost no more than 3% (in average) of the cost obtained by the 
other mentioned heuristics (MA|MP, LRGTS, and GRASP).  
 
Conclusion: 
 In this paper, a heuristic method based on two phase for Location-Routing problem is proposed. Our 
method present an heuristic with a special solution encoding scheme that integrates location and routing 
decisions in order to enlarge the search space so that better solutions can be found. The proposed algorithm was 
compared with two problem set and obtained solution represented that our method gets better solution. Our 
methods in front of the other mentioned heuristics (MA|MP, LRGTS, and GRASP), in Prodhon problem set and 
Barreto problem set provides high quality solutions with the cost no more than 3% (in average) of the cost 
obtained by the other methods. On the whole, the quality of answers of the method is effective and considerable. 
Further two related research directions are as follows: 
(1) Develop a model and methods for the multi- product location-routing problem. 
(2) An integrated approach between this proposal heuristic and metaheuristic algorithm may get better solution 
for location-routing problem.  
 
Table 3: Computational results for the Prodhon problem set. 

GRASPMA|MPLRGSTProposal
Gap (%)costGap (%)costGap (%)costcostInstances name

-0.4155021054793-0.6551315479320-5-1a
0391040391040391043910420-5-1b
0489080489080489084890820-5-2a
0375420375420375423754220-5-2b

3.36906323.9901603.9901609368550-5-1
-2.4364761-0.0963242-0.1632566318550-5-1b
-2.3288786-1.7888298-2.2887158671950-5-2
-0.6768042-0.4567893-0.17676986758550-5-2b
0.19840550.19840550.23841818420150-5-2bis
-0.4552059051822-0.33519925182250-5-2bbis
-0.38873800.97862030.97862038704150-5-3
1.38618901.48618301.49618306275050-5-3b
1.952794371.052819442.51277935284908100-5-1
2.722161592.482166563.33214885222045100-5-1b
-1.081995200.911955680.41196545197351100-5-2

21595503.441573253.1157792162746100-5-2b
0.872039991.992017491.89201952205778100-5-3
3.461545964.321533223.396154709159954100-5-3b
-0.263231711.8131657510.42291887322308100-10-1
0.982714771.4427025116.39235532274145100-10-1b
-0.372540873.262451232.601246708253125100-10-2
2.52065553.262050523.57204435211748100-10-2b

-3.052708263.492536691.50258656262547100-10-3
0.082161735.632048155.08205883216353100-10-3b
0.734908202.254834972.64481676494422200-10-1
-64167533.063800442.91380613391674200-10-1b
-65126796.634518406.22453353481818200-10-2
5.33799806.723750196.06377351400231200-10-2b

-0.59496694 3.264781323.57476684493738 200-10-3 
-0.102 ------ 2.035 ------ 2.682 ------ ------ Average (Gap) 
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Table 4: Computational results for the Barreto problem set. 

GRASP MA|MP LRGST Proposal  

Gap (%) cost Gap (%) cost Gap 
(%)

cost cost Instances name 

-0.41 55021 
0 

0 
54793 -0.6 55131 

54793 

39104 

Christofides69-50x5  

Christofides69-75x10  
0 

0 

39104 

48908 

39104 

48908 

0 

0 

39104 

48908 
0 48908 Christofides69-100x10  

0 37542 0 37542 0 37542 37542 Daskin95-88x8  

3.36 90632 3.9 90160 3.9 90160 93685 Daskin95-150x10  

-2.43 64761 -0.09 63242 -0.1 63256 63185 Gaskell67-21x5  

-2.32 88786 -1.78 88298 -2.2 88715 86719 Gaskell67-22x5  

-0.67 68042 -0.45 67893 -0.17 67698 67585 Gaskell67-29x5  

0.19 84055 0.19 84055 0.23 84181 84201 Gaskell67-32x5  

-0.45 52059 0 51822 -0.33 51992 51822 Gaskell67-32x5  

-0.38 87380 0.97 86203 0.97 86203 87041 Gaskell67-36x5  

1.38 61890 1.48 61830 1.49 61830 62750 Min92-27x5  

1.95 279437 1.05 281944 2.51 277935 284908 Min92-134x8  

0.49 ------ 0.16 ------ 0.48 ------ ------ Average (Gap) 
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